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ABSTRACT (Maximum 200 words)
Traditionally, the utility of personnel attribute data for predicting U.S. Air Force pilot training performance has been evaluated against dichotomous training indicators (i.e., graduation or elimination, fighter or nonfighter aircraft recommendation). Several alternate Undergraduate Pilot Training (UPT) performance criteria based on flying performance data (i.e., daily flying grades, check flight grades, and academic grades) were evaluated to determine whether they could add to our understanding of the relationship between preselection personnel attribute data and UPT performance, beyond that provided by currently used dichotomous training performance indicators. UPT rankings were closely related to post-UPT follow-on training recommendations (better students were more likely to be recommended for fighter aircraft assignments). However, when the ranking algorithm was modified to include UPT eliminees, it demonstrated little utility in improving our understanding of the relationship between preselection personnel attribute data (i.e., test scores) and training performance beyond that provided by the UPT final outcome (graduation v. elimination) UPT rankings based on flying performance data (i.e., daily flying grades, check flight grades, and academic grades) were shown to be related closely to advanced training recommendations (fighter v. nonfighter aircraft). The data suggested that this ranking algorithm was a reasonable measure of pilot candidate quality as fighter aircraft assignments are considered more prestigious and demanding than nonfighter assignments.
When the ranking algorithm was modified to include UPT eliminees, however, it demonstrated little utility in adding to our understanding of the relationship between performance on selection instruments (i.e., test scores) and training performance. For pilot candidate selection purposes, the training criterion used to estimate the regression weights for the selection equation had little impact on the rankings of the applicants. These results were not surprising, however, as the dichotomous UPT final outcome indicator was strongly correlated with UPT performance as measured by the ranking algorithm.
INTRODUCTION
Since World War I, the United States (U.S.) military has used personnel tests to assess individual differences in attributes to make selection and classification decisions for pilot training applicants. These tests have included paper-and-pencil aptitude tests (e.g., measures of general intelligence, vocabulary, spatial ability, perception; see Skinner & Ree, 1987 for a description of the Air Force Officer Qualifying Test), and several apparatus based measures of perceptual and motor abilities (e.g., rotary pursuit, stick and rudder, compensatory tracking; see Imhoff and Levine, 1981 for a review of the literature). The United States Air Force (USAF) pilot research emphasis, largely, has been on the development and validation of sources of personnel attribute 1i data to reduce training attrition and to capture policy decisions regarding specialized training suitability for bomber, fighter, tanker, or transport aircraft (Carretta, 1989) .
The criteria used to represent pilot training performance typically have been dichotomous (i.e., graduation or elimination; fighter or nonfighter assignment). Although several valid predictors of flying training outcome have been identified, it was felt that our understanding of the relationship between these predictors and training performance was limited by the dichotomous nature of the outcome indicators (Cohen, 1983) and by the disproportionality in the outcome categories (Gradstein, 1986) . The proportion of graduates in the Undergraduate Pilot Training (UPT) program typically is about 75%. Dichotomization of the training criteria resulted in reduction in the criterion variance accounted for by the predictors and reduction in statistical power (Cohen, 1983) . A 75% graduation rate in pilot training would impose an upper limit of .734 on the point-biserial correlation between the predictors and a dichotomous final training outcome indicator (Gradstein, 1986) .
The goals of this study were to (a) examine different procedures for generating training performance criteria that would reflect the relative quality of USAF pilot candidates (e.g., class rankings) based on flying performance scores and academic grades and to (b) evaluate the utility of these criteria for improving our understanding of the relationship between selection test scores and training performance. To be useful in a pilot candidate selection context (i.e., reduce attrition), a selection algorithm predicting an alternate training performance criterion (i.e., class ranking) must rankorder applicants in a more optimal manner than does the selection algorithm used to predict final training outcome (graduation or elimination).
METHOD Subjects
The subjects used in this study were 755 USAF UPT students who were tested on both the Air Force Officer Qualifying Test (AFOOT; 696 Form 0, 59 Forms M, N, or P) and Basic Attributes Test (BAT) batteries. All subjects had already been chosen for UPT, in part, on the basis of their AFOOT scores. The BAT battery was not part of the operational USAF pilot candidate selection procedure but is expected to become an operational selection instrument in 1992.
Subjects ranged in age from 21 to 31 years with an average of 24.7 years and were predominantly male (744 males, 11 females) and White (730 Whites, 25 nonWhites). All subjects had completed at least a 4-year college degree before entering UPT. Subjects were informed that their performance on the BAT battery would not affect their continuation in UPT, would not be entered into their permanent service records, and would be used only for developing an improved pilot candidate selection model. No subjects declined to participate.
Instrumentation
Air Force Officer Qualifying Test. The AFOOT is a paper-and-pencil multiple aptitude test battery used to select civilian or prior service applicants for officer precommissioning training programs and to classify commissioned officers into aircrew specialties (pilot v. navigator). The battery consists of 16 subtests that assess 5 ability domains: verbal, quantitative, spatial, perceptual speed, and aircrew interests/aptitude (Skinner & Ree, 1987) . Fourteen of the 16 AFOQT subtests are used to compute the Pilot and Navigator-Technical composite scores used in the operational selection of pilot candidates (United States Air Force, 1983).
Basic Attributes Test. The BAT battery consisted of 8 computerized tests that assessed individual differences in psychomotor coordination (rotary pursuit, stick and rudder, compensatory tracking), information processing ability (reasoning, spatial transformation, short-term memory, perceptual speed), personality (self-confidence), and attitudes toward risk taking. The scores included tracking error/tracking difficulty, response time, response accuracy, and response choice. A more detailed description of the test battery, administration, and scoring procedures was provided by Carretta (1989).
Procedure
Prior to entry into UPT, each subject was administered both the AFOOT and BAT batteries. The AFOOT was administered prior to evaluation for an officer commissioning program (i.e., Reserve Officer Training Corps or Officer Training School). The BAT was administered at the beginning of a 2-week, light aircraft, flight screening program.
UPT is a 53-week program which consists of an academic Phase I concurrent with a T-37 Phase 11 (initial jet trainer, 21 weeks) and a T-38 Phase III (advanced jet trainer, 32 weeks).
UPT Performance Criteria
UPT final outcome. Final training outcome is typically scored as a dichotomous variable with graduates receiving a score of one and eliminees a score of zero. UPT graduates are evaluated for advanced training assignments (bomber, fighter, tanker, or transport aircraft) at the 43rd week of training by the training Wing Commander. Both final training outcome and advanced training assignment are determined, to a large degree, by academic grades, daily flying grades, and check flight grades. 
Approach
To be useful for research purposes, a flying training criterion should (a) reflect the relative quality of the performance of all pilot candidates (both graduates and eliminees), (b) be based on overall performance rather than a specific flying maneuver, test score, or course of instruction, and (c) help to improve our understanding of the relationship between scores (i.e., test scores, biodata) and training performance beyond that provided by the dichotomous training criterion. To produce a stable performance indicator, the training criterion should incorporate as much training performance data as possible.
Criterion Development
United States Air Force Air Training Command (ATC) has used a UPT evaluation score based on UPT academic and flying grades for tracking and program evaluation purposes only (Corcoran, 1988) . The evaluation score was a weighted average of Phase II (T-37) and Phase III (T-38) flying performance grades and Phase I (academic) grades. The score algorithms may be summarized as follows: The weights for the RNKIND (Ranking Index) algorithm were arrived at through an "expert judgment" approach by experienced USAF instructor pilots. The RNKIND algorithm emphasizes the importance of check flight performance over daily flying performance and Phase III (T-38, advanced jet training) over Phase II (T-37, initial jet training). Relatively little weight is given to UPT academic performance (Phase I) in computing RNKIND.
The RNKIND score can range between 0 and 100 but in practice, UPT graduates generally score between 73 and 92.
As previously stated, the intended use of the RNKIND algorithm was as a program evaluation and tracking mechanism for UPT graduates. Trainees who receive a fighter recommendation for advanced training are generally perceived as superior to those who do not. If accurate, fighter-recommended trainees should receive higher RNKIND scores than nonfighter recommended trainees. To test this distribution relationship, all UPT graduates with a valid advanced training recommendation (488 out of 584 graduates) were rank-ordered from highest to lowest on this RNKIND score and divided into quintiles (i.e., 20% groups). Using a Z 2, a test against the uniform distribution was made. Rejection of the null hypothesis would indicate a relationship between the quintiles and RNKIND.
Several alternatives were considered for dealing with the UPT eliminees including: (a) removing them from the sample, (b) applying the RNKIND algorithm to eliminees without modification, (c) assigning all eliminees the same arbitrary score, and (d) using other available flying performance data (e.g., number of flying hours completed) to compute a ranking index score for eliminees. Removing the eliminees from the study was rejected because it would affect too many subjects (about 23%) and make it inappropriate to compare the ranking indices with the dichotomous training outcome indicator.
In addition to applying the RNKIND algorithm without modification to the UPT eliminees, 2 alternatives were considered. The first method arbitrarily assigned all eliminees a "ranking index" equal to 65 (RNK65). This value was chosen because it was below the lowest score for a UPT graduate, but not so low as to severely affect the variability of the score distribution. The second method computed "ranking index" scores for eliminees by taking into account the proportion of the training program completed (i.e., flying hours completed, RNKFLY). For UPT graduates, RNKFLY = RNKIND; for UPT eliminees:
RNKFLY = Total Flying Hours Comnleted x 70 (3) Maximum Flying Hours Completed by an Eliminee
The RNKFLY algorithm yields ranking index scores between 0 and 70 for UPT eliminees. An upper limit of 70 was used so that the highest scoring eliminee was below the lowest scoring graduate. Table 1 , training performance was strongly related to advanced training recommendation (Z2[4] = 75.8, p < .01). The proportion of fighterrecommended trainees decreases dramatically from the top to the bottom quintile. This result suggests that advanced training recommendations were made primarily on the basis of flying performance data, with an emphasis on Phase III (T-38) performance. RNKIND has been used only for tracking and program evaluation to evaluate the quality of UPT graduates. When the algorithm was applied to UPT eliminees, their RNKIND scores ranged between 0 and 74 because they received zeros for those phases they did not complete. Eliminees, therefore, demonstrated much more variability in UPT performance as measured by RNKIND (from 0 to 74) than did graduates (from 73 to 92). A few eliminees had higher RNKIND scores than the lowest ranking graduate. The RNKFLY algorithm yielded values between 0 and 70 for UPT eliminees.
RESULTS

As shown in
To be useful in a pilot candidate selection context, the ranking index criteria should improve our understanding of the relationship between preselection factors and training performance and, as a result, allow us to make more optimal selection decisions (e.g., reduce attrition). Table 3 provides summary statistics of the distributions for the test scores used to predict the 4 UPT performance criteria (i.e., UPT final outcome, RNKIND, RNK65, and RNKFLY). It should be noted that many of the AFOOT and BAT score distributions are nonnormal and strongly skewed (i.e., BAT scores based on tracking performance or response time). Also, range restrictions occurred for the AFOOT Pilot and Navigator-Technical composites, as these pilot candidates had already been selected, in part, based on their AFOOT scores. Incidental range restriction occurred on the BAT variables as a function of their correlation with the AFOOT variables. 
DISCUSSION
The results showed that the ranking of candidates was nearly identical for equations based on all the criteria. For pilot training candidates, the criterion did not make a difference as to who would have been selected.
The correlations of the expected scores was predictable by the magnitude of the correlations between the dichotomous UPT final outcome indicator and the UPT performance scores based on the ranking algorithm (c between .91 and .95).
Given the strength of agreement between the training criteria and in the pilot candidates' rankings on expected scores for the four UPT criteria, use of a training criterion based on flying performance data (i.e., flying grades) would not necessarily have resulted in a lower attrition rate than if the dichotomous UPT final outcome criterion was used.
CONCLUSION
UPT rankings generated from a training evaluation algorithm were shown to be related closely to advanced training recommendations (fighter v. nonfighter aircraft). This relationship suggests that the ranking algorithm is a reasonable indicator of pilot candidate quality, as fighter aircraft assignments are considered more prestigious than nonfighter assignments.
When the ranking algorithm was modified to include UPT eliminees however, it demonstrated little utility in adding to our understanding of the relationship between preselection personnel test scores and training performance. For pilot candidate selection, the training criterion used to estimate the regression weights for the selection equation had little impact on the ranking of the applicants once the predictors were held constant.
